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Introduction

Patients with idiopathic pulmonary
fibrosis (IPF) typically have restrictive
lung function with reduced lung volumes
and an abnormally low diffusing capac-
ity (1, 2). Epidemiologic studies have
found that 60 to 70% of the patients with
IPF are either former or current smok-
ers (3, 4). Thus, patients with IPF who
are or have been cigarette smokers may
have IPF with coexisting emphysema. Al-
though IPF and emphysema will have op-
posing effects on lung volumes, measures
of airflow, elastic recoil of the lung, and
structural elements of the lung parenchy-
ma, the combined presence of these two
disease processes should markedly com-
promise the overall capacity or function
of the pulmonary system. Given these
concerns, the simultaneous occurrence of
IPF and emphysema may present prob-
lems in assessing the degree of function-
al impairment.

The purpose of this investigation was
to quantify the effect of cigarette smok-
ing on standard measures of lung func-
tion in patients with IPF. A priori, we
hypothesized that the opposing effects
of cigarette smoke and IPF on elastic re-
coil would obscure the reduction in lung
volumes that has been traditionally as-
sociated with IPF and would minimize
physiologic correlates of airflow obstruc-
tion in cigarette smokers. In contrast, we
postulated that measures of gas exchange
would provide a means of assessing the
relative contribution of IPF and cigarette
smoking to impaired lung function. To
evaluate these hypotheses, we analyzed
the determinants of standard measures
of lung function in 73 patients with IPF.

Methods
Patient Population
In total, 73 patients with IPF were included
in this study. They were identified as part of
an ongoing research effort to prospectively
study patients with diffuse interstitial lung
disease. Although these subjects were largely
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SUMMARY The purpose of this investigation was to quantify the effect of cigarette smoking on
standard measures of lung function in patients with idiopathic pulmonary fibrosis ({PF). Our study
population consisted of 73 patients in whom IPF had been clinically diagnosed; in 67% the diagno-
sis was confirmed by open lung blopsy. The average age was 63 yr; 62% were men, and 70% were
elther former or current cigarette smokers. Current cigarette smokers were found to have a greater
percent predicted residual volume. interestingly, In a univariate analysls, pack-years of cigarette
smoking was found to be directly associated with Increased measures of lung volumes (TL.C, FRC,
and RV) and diminished gas exchange (DLco). LInear multivariate regression models demonstrated
that current cigarette smokers have greater measures of RV and FRC and that increasing pack-years
of clgarette smoking Is assoclated with diminished gas exchange. Importantly, the FEV./FVC ratio
was not significantly related to either smoking status or pack-years of cigaretie smoking. Results
from our study indicated that among patients with IPF, current cigarette smokers will tend to trap
air (higher RV and FRC), and that cigarette smoking appears to adversely alter gas exchange. Moreover,
IPF appears to reduce the likelihood of deveioping physiologic correlates of alrflow obstruction
among cigarette smokers. However, this does not imply that IPF prevents the development of cigarette-
induced lung disease. In fact, the assoclation between cigarette smoking and both increased lung
volumes and diminished gas exchange suggests the presence of both emphysema and interstitial
fibroslis. In aggregate, these findings indicate that measures of lung function may be insensitive
in estimating the extent of restrictive, as well as obstructive, lung function in patients with pulmo-
nary fibrosls who smoke cigarettes. However, the DLco appears to provide a means of assessing
the relative contribution of IPF and cigarette smoking to impaired lung function. These findings
have clear implications for diagnostic criteria used to evaluate patients with IPF and should be con-

sidered when assessing the degree of lung Impairment in these patients.
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recruited from the state of Iowa, all border-
ing states in the midwest contributed subjects
to this study. Unfortunately, we do not know
whether our study subjects are representative
of all patients with IPF from this region of
the country. However, the demographic fea-
tures of our study population (table 1) were
similar to the demographic characteristics of
other reported series of patients with IPF (3,
4). The diagnosis of IPF was based on stan-
dard criteria (3, 5), which included either evi-
dence of interstitial lung disease on chest ra-
diograph or restrictive lung function with an
open lung biopsy demonstrating varying
degrees of interstitial fibrosis and intra-
alveolar inflammatory cells. Strict exclusion-
ary criteria were established and consisted of
no clinically relevant environmental or oc-
cupational exposure history, no clinical find-
ings of hypersensitiyity pneumonitis, left ven-
tricular failure, or systemic disease, and no
granulomata or vasculitis on the biopsy spec-
imen. Furthermore, each biopsy specimen was
cultured, and patients were included only if
the cultures were negative for bacteria,
mycobacteria, and fungi. Of 73 subjects with
IPF, 49 (67%) had open lung biopsies, and

the remaining 24, even though they did not
have open lung biopsies, fulfilled all of the
clinical criteria. Study subjects without open
lung biopsies were required to have intersti-
tial fibrosis on the chest radiograph and re-
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EFFECT OF SMOKING ON LUNG FUNCTION TESTS IN IDIOPATHIC PULMONARY FIBROSIS

TABLE 1

DEMOGRAPHIC AND CLINICAL
CHARACTERISTICS OF STUDY
SUBJECTS (n = 73)*

Age, yr 63.0 = 12.4 (24.5-82.6)
Race
White 72 (98.6%)
Black 1 (1.4%)
Sex
Male 45 (61.6%)
Female 28 (38.4%)
Smoking history
Never 21 (28.8%)
Former 44 (60.3%)
Current 7 (9.6%)

Pack-years of

cigarette smoking 26.7 + 25.8 (0-100.0)

* Values are expressed as the mean =+ standard deviation
with the range shown in parentheses for continuous variables
and as numbers with percentages in parentheses for categori-
cal variables.

strictive lung function, and to fulfill all of
our exclusionary criteria. All study subjects
were required to have full pulmonary func-
tion tests performed at the University of Iowa.

Pulmonary Function Testing

The pulmonary function tests consisted of
standard spirometry using the Medical Graph-
ics 1070 system (Medical Graphics, St. Paul,
MN) and lung volumes via body plethysmog-
raphy using the Medical Graphics 1085 sys-
tem. A single-breath diffusing capacity was
measured using the Medical Graphics 1070
system. The measurements of lung function
were performed using standard protocols, and
the American Thoracic Society guidelines (6,
7) were used to determine acceptability, The
predicted normal values used were those of
Morris and coworkers (8) for spirometry,
Goldman and Becklake (9) for lung volumes,
and Van Ganse and colleagues (10) for the
diffusing capacity.

Statistical Analysis

Univariate comparisons were made to deter-
mine whether demographic or clinical vari-
ables influenced the standard measures of
lung function. Because our pulmonary func-
tion data proved to be normally distributed,
we used parametric statistics to evaluate all

of our comparisons. Student’s ¢ test and anal-
ysis of variance were used to evaluate the rela-
tionship between categorical variables and
measures of pulmonary function, and sim-
ple regression coefficients were used to evalu-
ate the relationship between continuous vari-
ables and pulmonary function (11).

We used a multivariate linear regression
model (12) to identify the independent deter-
minants of lung function in patients with IPF.
A linear model was generated that incorpo-
rated all potential confounders and deter-
mined the relative strength of the relation-
ship between measures of pulmonary func-
tion and both smoking status and pack-years
of smoking. After a linear model was estab-
lished, all possible interactions were tested in
a stepwise manner to determine if significant
improvements could be achieved by inclusion
of any of the interactive terms.

Results

Our study population had a mean age
of 63 yr, with more than 60% men and
approximately 70% either former or cur-
rent cigarette smokers (table 1). These
characteristics are similar to those in oth-
er reported series of patients with IPF
(3-5, 13-15). Only one study subject in
our patient population was black. Stan-
dard measures of pulmonary function in
our study population showed a mild
reduction in lung volumes and a mod-
erate to severe decrease in the DLco
(table 2).

Current cigarette smokers were found
to have a greater percent predicted resid-
val volume than never smokers with IPF
{table 2). Interestingly, in a univariate
analysis (table 3), pack-years of cigarette
smoking was found to be directly as-
sociated with higher lung volumes (TLC,
RV, and FRC) and a lower DLco. Impor-
tantly, the FEV,/FVC ratio was not sig-
nificantly related to either smoking sta-
tus or pack-years of cigarette smoking.

To evaluate whether other variables
might alter the nature of the relationship

TABLE 2

PULMONARY FUNCTION IN ALL SUBJECTS WITH IPF (n =

73) AND THE RELATIONSHIP

BETWEEN CIGARETTE SMOKING STATUS AND MEASURES OF LUNG FUNCTION*

Cigarstte Smoking History

All Subjects Never Former Current
Lung Function (n =73 (n = 21) (n =44 n=7 p Valuet
FEV, 75.9 = 20.5 745 + 17.4 78.1 + 22.8 65.1 = 11.1 0.29
FVC 65.6 + 16.7 64.1 x 15.1 66.5 = 18.5 65.0 = 11.3 0.87
FEV,/FVC ratio 81.9 + 97 83.6 + 8.3 814 x 106 78.0 = 7.0 0.40
TLC 76.0 = 19.7 73.0 = 186 75.9 + 20.6 83.9 + 17.1 0.46
RV 87.0 = 30.9 82.1 x 304 843 + 29.3 114.4 + 31.9 0.04
FRC 81.8 x 24.1 785 + 25.0 80.5 + 22.6 96.9 + 29.1 0.20
DLco 47.2 £ 15.7 50.3 = 13.3 45.3 = 164 52.0 + 16.7 0.35

* For FEV,, FVC, TLC, RV, and DL¢o, these values represent the mean (+ SD) percent predicted. The FEV,/FVC ratio is ex-

pressed as the mean of the absolute values.

t The p values were calculated by computing the F statistic for the between-group analysis of variance.
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TABLE 3

REGRESSION COEFFICIENTS (WITH
STANDARD ERRORS IN PARENTHESES)
FOR THE RELATIONSHIP BETWEEN
PACK-YEARS OF CIGARETTE SMOKING
AND MEASURES OF PULMONARY FUNCTION®

Pack-Years of

Cigarette Smoking p Value
FEV, 0.14 (0.11) 0.20
FVC 0.14 (0.09) 0.1
FEV,/FVC ratio -0.001 (0.001) 0.1
TLC 0.20 (0.10) 0.06
RV 0.33 (0.18) 0.07
FRC 0.27 (0.12) 0.03
DLco -0.15 (0.07) 0.04

* For FEV,, FVC, TLC, RV, and DLgo, these values
represent the mean percent predicted. The FEV,/FVC ratio is
expressed as the mean of the absolute values.

between cigarette smoking and lung func-
tion, we determined the association be-
tween several clinical factors and mea-
sures of lung function in patients with
IPF. These analyses demonstrate that
male subjects have a lower percent pre-
dicted DLco than do female subjects (43.9
versus 52.3%; p = 0.03); subjects who
had an open lung biopsy had lower per-
cent predicted measures of FEV, (70.3
versus 86.0%; p = 0.001), FVC (62.6 ver-
sus 71.1%; p = 0.004), TLC (72.2 versus
82.9%; p = 0.02), RV (81.2 versus 97.4%;
p = 0.03), and FRC (76.9 versus 90.6%;
p = 0.02) than did those who had not
had an open lung biopsy; and subjects
treated with steroids or steroids plus
cytoxan tended to have lower measures
of FEV, (p = 0.003), FVC (p = 0.002),
TLC (p = 0.009), and FRC (p = 0.03)
than did those subjects who were not
receiving immune-modulators.

To further examine the strength of the
relationship between cigarette smoking
and lung function while controlling for
potential confounders (sex and inter-
vention with either an open lung biopsy
or immunosuppressive therapy), we de-
veloped linear multivariate regression
models for all measures of Iung func-
tion (oFEV,, %FVC, FEV,/FVC ratio,
%WTLC, %RV, %FRC, and % DLco). Our
multivariate models, which identify cig-
arette smoking (either pack-years or
smoking status) as potentially significant
determinants of lung function, are pre-
sented in table 4. These multivariate anal-
yses demonstrated that current cigarette
smokers have greater measures of RV and
FRC. Importantly, pack-years of ciga-
rette smoking was inversely related to the
Dico and was the only independent
predictor of this measure of gas exchange.
In contrast, measures of airflow obstruc-
tion (i.e,, FEV,/FVC ratio) were not relat-
ed to either smoking status or pack-years
of smoking. Although potential interac-
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TABLE 4

MULTIVARIATE LINEAR MODELS FOR RELATIONSHIP BETWEEN CIGARETTE SMOKING
AND MEASURES OF LUNG FUNCTION FOR PATIENTS WITH IPF

RV FRC DLco
Coefficient (SE) Coefficient (SE) Coefficient (SE)
Pack-years - - -0.15 (0.07)*
Current smoker 34.5 (11.5)1 19.8 (9.3)* -~ :
Open lung biopsy -220 (7.5 —-17.6 (6.0)* -
Model R? 0.22 0.15 0.07
*p € 0.05.
Tp < 0.001.

tions were explored, none of the interac-
tive terms substantially altered the indi-
vidual components of the models or the
overall fit of the multivariate equations.

Discussion

Resuits from our study indicate that cig-
arette smoking will increase measures of
lung volumes and diminish gas exchange
among patients with IPF and that IPF
tends to obscure the effect of cigarette
smoking on physiologic measures of air-
flow. These findings have clear implica-
tions for diagnostic criteria used to evalu-
ate patients with IPF and should be con-
sidered when assessing lung impairment
in these patients.

Our findings indicate that cigarette
smoking causes patients with IPF to trap
air (increased RV and FRC). However,
patients with IPF are usually found to
have a high FEV,/FVC ratio and a re-
duced RV. Because neither cigarette
smoking nor IPF are likely to directly im-
pair the respiratory muscles or decrease
the compliance of the chest wall, the ob-
served increase in RV among smokers
with IPF appears to be caused by either
a loss of elastic recoil of the lung paren-
chyma or premature closure of the air-
ways (16). Although both of these possi-
ble explanations appear to be contrary
to the physiology described for IPE,
peribronchiolar inflammation and bron-
chiolitis with impaired airflow has been
observed in patients with IPF (17). Thus,
air trapping in smokers with IPF may be
the result of a combination of active in-
flammation and chronic peribronchio-
lar fibrosis in the small airways caused
by both IPF and cigarette smoke. Alter-
natively, smokers with IPF may have
patchy areas of emphysema, which at-
tenuate the physiologic effects of IPF
on elastic recoil and subsequently result
in higher measures of lung volumes.
Regardless of the mechanism(s), our
findings indicate that lung volumes may
not adequately define the degree of func-
tional impairment in patients with IPF
who smoke cigarettes.

IPF appears to reduce the likelihood

of developing physiologic evidence of air-
flow obstruction among cigarette smok-
ers. In fact, in our population of patients
with IPF, cigarette smoking was not sig-
nificantly associated with measures of
airflow obstruction. Although opposing
effects on elastic recoil of the Iung pa-
renchyma may account for these find-
ings, IPF has been shown to cause mild
peribronchiolar fibrosis (17, 18), which
may stiffen the small airways and pre-
vent their premature closure. However,
this finding does not imply that IPF
prevents the development of cigarette-
induced lung disease. In fact, the associ-
ation between cigarette smoking and
both increased lung volumes and dimin-
ished gas exchange suggests the presence
of the both emphysema and interstitial
fibrosis. The normal FEV,/FVC ratio
simply means that cigarette smoking and
IPF appear to have opposite effects on
airway function and, by implication, air-
way structure. Although the combination
of emphysema and [PF may result in nor-
mal physiologic measures, the presence
of both diseases may have profound ef-

fects on functional limitation. )
One must recognize that selection bias

may weaken the strength of our obser-
vations. First, those who smoke cigarettes
may be physiologically more fit (at least
initially) than those who stop smoking
or those who never start smoking. Sec-
ond, cigarette smokers with IPF may be
more likely to be referred to our medical
center than never smokers with IPF. Be-
cause the prevalence of cigarette smok-
ing in our subjects with IPF is similar
to other reported series (3, 4), we believe
that this form of selection bias is less
likely.

Despite these concerns, results from
our study indicate that traditional mea-
sures of lung volumes may not be help-
fulin identifying the presence and extent
of restrictive lung function in cigarette
smokers with IPF. The lung volumes ap-
pear to be insensitive measures of restric-
tive lung function in this population.
Moreover, physiologic measures of air-
flow obstruction may not be accurate in-

dicators of airway disease in cigarette
smokers with pulmonary fibrosis. These
findings imply that the physiologic crite-
ria for the diagnosis of pulmonary fibro-
sis and assessment of impairment of lung
function need to be evaluated among cig-
arette smokers with IPF in a manner
different from that among nonsmokers
with IPF.
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